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Preface

Emissions of Greenhouse Gases in the United States 2004,
was prepared under the general direction of John Conti,
Director of the Office of Integrated Analysis and Fore-
casting, Energy Information Administration. General
questions concerning the content of this report may be
directed to the National Energy Information Center at
202 /586-8800.

Specific technical information concerning the content
of the report may be obtained from Perry Lindstrom
at 202/586-0934 (e-mail, perry.lindstrom@eia.doe.gov)
or Paul McArdle at 202/586-4445 (e-mail, paul.mcardle
@eia.doe.gov).

Title XVI, Section 1605(a) of the Energy Policy Act of
1992 (enacted October 24, 1992) provides:

Not later than one year after the date of the enactment of
this Act, the Secretary, through the Energy Information

Administration, shall develop, based on data available
to, and obtained by, the Energy Information Adminis-
tration, an inventory of the national aggregate emis-
sions of each greenhouse gas for each calendar year of the
baseline period of 1987 through 1990. The Administra-
tor of the Energy Information Administration shall
annually update and analyze such inventory using
available data. This subsection does not provide any new
data collection authority.

The first report in this series, Emissions of Greenhouse
Gases 1985-1990, was published in September 1993. This
report—the thirteenth annual report—presents the
Energy Information Administration’s latest estimates of
emissions for carbon dioxide, methane, nitrous oxide,
and other greenhouse gases. These estimates are based
on activity data and applied emissions factors and not
on measured or metered emissions.

For this report, data on coal and natural gas consumption and electricity sales and losses by sector were obtained
from the Energy Information Administration’s (EIA’s) September 2005 Monthly Energy Review. Additional detailed
information on petroleum consumption was obtained from unpublished material in support of EIA’s Annual Energy
Review 2004. Electric power sector emissions were obtained from data underlying EIA’s Electric Power Annual. In
keeping with current international practice, this report presents data on greenhouse gas emissions in million metric
tons carbon dioxide equivalent. The data can be converted to carbon equivalent units by multiplying times 12/44.
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Executive Summary

U.S. Anthropogenic Emissions of
Greenhouse Gases, 1990-2004

Carbon Dioxide

Equivalent
Estimated 2004 Emissions
(Million Metric Tons) 7,122.1
Change Compared to 2003
(Million Metric Tons) 138.8
Change from 2003 (Percent) 2.0%
Change Compared to 1990
(Million Metric Tons) 973.3
Change from 1990 (Percent) 15.8%
Average Annual Increase,
1990-2004 (Percent) 1.1%

Overview

U.S. emissions of greenhouse gases in 2004 totaled
7,122.1 million metric tons carbon dioxide equivalent
(MMTCO,e), 2.0 percent more than in 2003 (6,983.2
MMTCO,e). The 2004 increase in total greenhouse gas
emissions is attributable primarily to a 1.7-percent
increase in emissions of carbon dioxide, along with
increases in emissions of nitrous oxide (5.5 percent) and
methane (0.9 percent). Emissions of engineered gases—
hydrofluorocarbons (HFCs), perfluorocarbons (PFCs),
and sulfur hexafluoride (SF)—also increased, by 9.6
percent. The U.S. economy grew by 4.2 percent in 2004,
the highest rate of growth since 1999. Consequently, U.S.
greenhouse gas intensity (greenhouse gas emissions per

unit of real economic output) was 2.1 percent lower in
2004 than in 2003. From 1990 to 2004, U.S. greenhouse
gas intensity declined by 23 percent, or by an average of
1.9 percent per year (see box on page 4 for details).

U.S. greenhouse gas emissions in 2004 were 16 percent
higher than the 1990 emissions level of 6,148.8
MMTCO,e—an average annual increase of 1.1 percent
over the period. Since 1990, U.S. emissions have
increased more slowly than the average annual growth
in population (1.2 percent), primary energy consump-
tion (1.2 percent), electric power generation (1.9 per-
cent), or gross domestic product (3.0 percent). While the
annual growth rate in carbon dioxide emissions since
1990 (1.3 percent) has closely tracked annual growth in
population and energy consumption, the average
annual rate of growth in total greenhouse gas emissions
has been lower (1.1 percent) because of reductions in
methane emissions and low growth in nitrous oxide
emissions (0.7 percent) since 1990.

Table ES1 shows trends in emissions of the principal
greenhouse gases, measured in million metric tons of
native gas. In Table ES2, emissions trends are shown in
carbon dioxide equivalents, which are derived by multi-
plying the volumes of native gas by the global warming
potential (GWP) of each gas. The GWPs provide a mea-
sure of marginal radiative efficiency for each of the
native gases. The GWP concept, developed by the Inter-
governmental Panel on Climate Change (IPCC), pro-
vides a comparative measure of the impacts of added
units of different greenhouse gases on global warming
relative to the impact of carbon dioxide.! This allows for
the normalization of different greenhouse gases, which
have different warming impacts, into a common unit of

(Million Metric Tons of Gas)

Table ES1. Summary of Estimated U.S. Emissions of Greenhouse Gases, 1990 and 1996-2004

Gas | 1990 | 1096 | 1997 | 1998 | 1999 | 2000 | 2001 | 2002 | 2003 | P2004
Carbon Dioxide. . .. .. . - 500231 54997 55630 55981 56779 58455 57855 58085 58718 59730
Methane ............. 3141 204 29.4 28.4 27.9 278 27.2 272 27.6 278
Nitrous Oxide . . ....... 11 | 1.2 1.2 1.2 1.2 1.2 11 1.1 11 1.2
HFCs, PFCs, and SF .. M | M M M M M M M M M

P = preliminary data.

2003, DOE/EIA-0573(2003) (Washington, DC, December 2004).

M = mixture of gases. These gases cannot be summed in native units. See Table ES2 for estimated totals in carbon dioxide equivalent.
Note: Data in this table are revised from the data contained in the previous EIA report, Emissions of Greenhouse Gases in the United States

Sources: EIA estimates presented in Emissions of Greenhouse Gases in the United States 2004.

1See “Units for Measuring Greenhouse Gases” on page xi, and Intergovernmental Panel on Climate Change, Climate Change 2001: The Sci-

entific Basis (Cambridge, UK: Cambridge University Press, 2001).
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measure—carbon dioxide equivalents—which can be
aggregated across gases (see box on page 7).

In 2001, the IPCC Working Group I released its Third
Assessment Report, Climate Change 2001: The Scientific
Basis.2 Among other things, the Third Assessment
Report updated a number of the GWP estimates that
appeared in the IPCC’s Second Assessment Report.3 The
GWPs published in the Third Assessment Report were
used for the calculation of carbon dioxide equivalent
emissions for this report. Generally, the level of total
U.S. carbon dioxide equivalent emissions is 0.7 percent
higher when the GWPs from the Third Assessment
Report are used; however, the trends in growth of green-
house gas emissions are similar for both sets of GWP
values.

During 2004, 82.4 percent of total U.S. greenhouse gas
emissions consisted of carbon dioxide from the combus-
tion of fossil fuels such as coal, petroleum, and natural
gas (after adjustments for U.S. Territories and interna-
tional bunker fuels). U.S. emissions trends are driven
largely by trends in fossil energy consumption. In recent
years, national energy consumption, like emissions, has
grown relatively slowly, with year-to-year deviations
from trend growth caused by weather-related phenom-
ena, fluctuations in business cycles, changes in the fuel
mix for electric power generation, and developments in
domestic and international energy markets.

Other 2004 U.S. greenhouse gas emissions (Figure ES1)
include carbon dioxide from non-combustion sources
(1.5 percent of total U.S. greenhouse gas emissions),
methane (9.0 percent), nitrous oxide (5.0 percent), and
other gases (2.2 percent). Methane and nitrous oxide
emissions are caused by the biological decomposition of
various waste streams and fertilizer; fugitive emissions
from chemical processes; fossil fuel production, trans-
mission, and combustion; and many smaller sources.

The other gases include HFCs, used primarily as refrig-
erants; PFCs, released as fugitive emissions from alumi-
num smelting and used in semiconductor manufacture;
and SF, used as an insulator in utility-scale electrical
equipment.

This report, in accordance with Section 1605(a) of the
Energy Policy Act of 1992, provides estimates of U.S.
emissions of greenhouse gases. The estimates are based
on activity data and applied emissions factors, not on
measured or metered emissions.

Carbon Dioxide

The preliminary estimate of U.S. carbon dioxide emis-
sions from both energy consumption and industrial pro-
cesses in 2004 is 5,973.0 million metric tons (MMT),
which is 1.7 percent higher than in 2003 (5,871.8 MMT)

Figure ES1. U.S. Greenhouse Gas Emissions
by Gas, 2004
Energy-Related
Carbon Dioxide
5,868.0 (82.4%)

(Million Metric Tons Carbon
Dioxide Equivalent)

HFCs, PFCs, and SF ¢
155.9 (2.2%)

‘ Nitrous Oxide

353.7 (5.0%)

Methane

Other Carbon Dioxide 639.5 (9.0%)

105.0 (1.5%)
Source: Tables ES2 and ES3.

Table ES2. U.S. Emissions of Greenhouse Gases, Based on Global Warming Potential, 1990 and 1996-2004
(Million Metric Tons Carbon Dioxide Equivalent)

Gas | 1990 | 1996 | 1997 | 1998 | 1999 | 2000 | 2001 | 2002 | 2003 | P2004
Carbon Dioxide . .. . ... 50023 | 54997 55630 55981 56779 58455 57855 58085 58718 59730
Methane. .. .......... 72141 6758 6752 6542 6422 6398 6258 6262 6339 6395
Nitrous Oxide. . .. . . . .. 3370! 3580 3491 3488 3471 3435 3388 3351 3352 3537
HFCs, PFCs, and SF, . . 8811 1143 1220 1377 1374 1421 1339 1431 1424 1559
Total .............. 61488 | 66477 67093 67388 68047 69708 68841 69129 69832 71221

P = preliminary data.

2003, DOE/EIA-0573(2003) (Washington, DC, December 2004).

Note: Data in this table are revised from the data contained in the previous EIA report, Emissions of Greenhouse Gases in the United States

Sources: Emissions: Estimates presented in this report. Global Warming Potentials:  Intergovernmental Panel on Climate Change, Climate
Change 2001: The Scientific Basis (Cambridge, UK: Cambridge University Press, 2001), pp. 38 and 388-389.

ZIntergovernmental Panel on Climate Change, Climate Change 2001: The Scientific Basis (Cambridge, UK: Cambridge University Press,

2001).

3Intergovernmental Panel on Climate Change, Climate Change 1995: The Science of Climate Change (Cambridge, UK: Cambridge University

Press, 1996).

2 Energy Information Administration / Emissions of Greenhouse Gases in the United States 2004: Executive Summary



Executive Summary

and accounts for 83.9 percent of total U.S. greenhouse
gas emissions (see Table ES3 for a breakdown of U.S. car-
bon dioxide emissions by source). U.S. carbon dioxide
emissions have grown by an average of 1.3 percent
annually since 1990. Although short-term changes in
carbon dioxide emissions can result from temporary
variations in weather, power generation fuel mixes, and
the economy, growth in carbon dioxide emissions in the
longer term results largely from population- and
income-driven increases in energy use, as well as con-
sumer choices of energy-using equipment. The “carbon
intensity” of energy use (carbon dioxide emissions per
unit of energy consumed) can also influence the trend of
growth in energy-related carbon dioxide emissions.

Figure ES2 shows recent trends in some common
indexes used to measure the carbon intensity of the U.S.
economy. Carbon dioxide emissions per unit of gross
domestic product (GDP) have continued to fall relative
to 1990; by 2004, this measure was 21 percent lower than
in 1990. Carbon dioxide emissions per capita, however,
were 1.2 percent above 1990 levels in 2004. Population
growth and other factors resulted in increased aggregate
carbon dioxide emissions per year from 1990 through
2004 (a total increase of 19 percent). Carbon dioxide
emissions per unit of net electricity generation in 2004
were 1.1 percent lower than in 2003.

Energy Consumption

The consumption of energy in the form of fossil fuel
combustion is the largest single contributor to anthro-
pogenic greenhouse gas emissions in the United States
and the world. Of total 2004 U.S. carbon dioxide

emissions (adjusting for U.S. Territories and bunker
fuels), 98 percent, or 5,868.0 MMT, resulted from the
combustion of fossil fuels. This figure represents an
increase of 1.7 percent from 2003 levels.

The Energy Information Administration (EIA) divides
energy consumption into four general end-use catego-
ries: residential, commercial, industrial, and transporta-
tion. Emissions from electricity generators, which
provide electricity to the end-use sectors, are allocated in
proportion to the electricity consumed in, and losses
allocated to, each sector. Figure ES3 illustrates trends in
carbon dioxide emissions by energy consumption sec-
tor. Average annual growth rates in carbon dioxide
emissions by sector during the 1990-2004 period were
2.0 percent for the commercial sector, 1.7 percent for the
residential sector, 1.5 percent for the transportation sec-
tor, and 0.2 percent for the industrial sector.

Carbon dioxide emissions from the transportation sector
are the largest source of energy-related carbon dioxide
emissions. At 1,933.7 MMT, the transportation sector
accounted for 33 percent of total U.S. energy-related car-
bon dioxide emissions in 2004. Transportation sector
emissions increased by 3.1 percent in 2004 relative to the
2003 level of 1,875.7 MMT. Almost all (98 percent) of
transportation sector carbon dioxide emissions result
from the consumption of petroleum products: motor
gasoline, 1,162.6 MMT (60 percent of total transportation
sector emissions in 2004); middle distillates (diesel fuel),
428.2 MMT (22 percent); jet fuel, 237.4 MMT (12 percent);
and residual oil (heavy fuel oil, largely for maritime
use), 54.6 MMT (2.8 percent). The growth in transporta-
tion-related carbon dioxide emissions in 2004 included

Figure ES2. Carbon Dioxide Emissions Intensity
of U.S. Gross Domestic Product,
Population, and Electricity
Production, 1990-2004

Index (1990 = 100)

CO, Emissions per Capita
105 +
100 +
95 - Power S.ect.or /
CO, Emissions
90 4 per unit of
Electricity Produced
85
80 - CO, Emissions per Unit of
Gross Domestic Product
75 T T T T T T T T T T T T T 1
Q
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Source: EIA, Emissions of Greenhouse Gases in the
United States 2004, DOE/EIA-0573(2004) (Washington, DC,
December 2005).
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Figure ES3. U.S. Carbon Dioxide Emissions
by Sector, 1990-2004

Index (1990 = 100)
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Note: Sectoral emissions include both direct emissions and
emissions attributable to purchased electricity.

Source: EIA, Emissions of Greenhouse Gases in the
United States 2004, DOE/EIA-0573(2004) (Washington, DC,
December 2005).
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From 2003 to 2004, the greenhouse gas intensity of the
U.S. economy fell from 677 to 662 metric tons per mil-
lion 2000 dollars of GDP (2.1 percent), continuing a
trend of decreases in both carbon intensity (see figure
at right) and total greenhouse gas intensity. As shown
in the table below, declines in carbon intensity by
decade have ranged from a low of 3.3 percent in the
1960s to 25.6 percent in the 1980s. From 1990 to 2004,
total U.S. greenhouse gas intensity fell by 23.5 percent,
at an average rate of 1.9 percent per year.

Historical Growth Rates for U.S. Carbon Intensity

Overall Average Annual
Change in Intensity | Change in Intensity
(Percent) (Percent)
Carbon Total Carbon Total
Decade Dioxide GHG Dioxide GHG
History
1950-1960 -12.9 — -14 —
1960-1970 -3.3 — -0.3 —
1970-1980 -17.7 — -1.9 —
1980-1990 -25.6 — -2.7 —
1990-2000 -15.3 -17.9 -1.6 -1.9

Source: Energy Information Administration, Annual Energy
Review 2004, DOE/EIA-0384(2003) (Washington, DC,
August 2005), and estimates presented in Appendix B of this
report.

The carbon intensity and greenhouse gas intensity of
the U.S. economy move in lockstep, because carbon
dioxide emissions make up most of the total for U.S.
greenhouse gas emissions. Energy-related carbon
dioxide emissions represent approximately 80 percent
of total U.S. greenhouse gas emissions. As such, trends
in energy-related carbon dioxide emissions have a sig-
nificant impact on trends in total greenhouse gas emis-
sions. Historical trends in U.S. carbon intensity
(energy-related carbon dioxide emissions per unit of
economic output) are described below.

The carbon intensity of the economy can largely be
decomposed into two basic elements: (1) energy inten-
sity, defined as the amount of energy consumed per
dollar of economic activity; and (2) carbon intensity of
energy supply, defined as the amount of carbon emit-
ted per unit of energy. As illustrated by the formulas
below, the multiplication of the two elements produces
a numerical value for U.S. carbon intensity, defined as
the amount of carbon dioxide emitted per dollar of eco-
nomic activity:

Energy Intensity x Carbon Intensity of Energy Supply =
Carbon Intensity of the Economy ,

or, algebraically,

Trends in U.S. Carbon Intensity and Total Greenhouse Gas Intensity

Intensity Ratios: Carbon/GDP, Carbon/Energy,
and Energy/GDP

Index (1980 = 100)

Carbon/Energy

90 ~

80 - Energy/GDP

70 4 Carbon/GDP

60

50 T T T T T T T T T T T 1
O o oX P P N P F P PO P X
D P P L LS PP PSP

WFHFF PP B S S P

Source: Estimates presented in Appendix B of Emissions
of Greenhouse Gases in the United States 2004.

(Energy/GDP) x (Carbon Emissions/Energy) =
(Carbon Emissions/GDP)

Components of Energy Intensity. Since World War II
the U.S. economy has been moving away from tradi-
tional “smokestack” industries toward more service-
based or information-based enterprises. This has
meant that over the second half of the 20th century eco-
nomic growth was less tied to growth in energy
demand than it was during the period of industrializa-
tion in the 19th and early 20th century. Other factors
contributing to decreases in energy intensity include:

¢ Improvements in the energy efficiency of indus-
trial equipment as new materials and methods
improved performance in terms of energy inputs
versus outputs

* Increased efficiency of transportation equipment
as lighter materials and more efficient engines
entered the marketplace

e Improvements in commercial and residential
lighting, refrigeration, and heating and cooling
equipment

* Developments in new electricity generating tech-
nologies, such as combined-cycle turbines.

Further reductions in energy intensity, which are pro-
jected to continue, will among other things promote
deeper reductions in U.S. carbon intensity.

Components of the Carbon Intensity of Energy
Supply. Changes in the carbon intensity of energy sup-
ply have been less dramatic than changes in energy

(continued on page 5)
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intensity. There was a slow but steady decline from
1980 until about the mid-1990s, after which it has
remained relatively unchanged. The primary reason
for the decline has been the development of nuclear
power, which is carbon-free and therefore weights the
fuel mix toward lower carbon intensity. Other factors
that can decrease the carbon intensity of the energy
supply include:

Trends in U.S. Carbon Intensity and Total Greenhouse Gas Intensity (Continued)

* Development of new renewable resources, such as
wind power, for electricity generation

* Substitution of natural gas for coal and oil in power
generation

¢ Transportation fuels with a higher biogenic com-
ponent, such as ethanol.

increases in emissions from the use of motor gasoline
(21.2 MMT), diesel fuel (17.9 MMT), residual fuel oil
(10.0 MMT), and jet fuel (8.2 MMT).

Industrial sector carbon dioxide emissions, at 1,730.2
MMT, accounted for 29 percent of total U.S. energy-
related carbon dioxide emissions in 2004. The 2004 emis-
sions level represents a 2.6-percent increase over 2003
emissions of 1,685.6 MMT, the largest since a 3.0-percent
increase from 1995 to 1996. The 2004 increase in indus-
trial emissions resulted from strong growth in industrial
production, up 4.1 percent from 2003. In terms of fuel
shares, electricity consumption was responsible for 38
percent of total industrial sector carbon dioxide emis-
sions (660.9 MMT), natural gas for 26 percent (441.9
MMT), petroleum for 25 percent (440.6 MMT), and coal
for 10 percent (181.0 MMT). Carbon dioxide emissions
attributable to industrial sector energy consumption,
while fluctuating from year to year, have increased by
an average of 0.2 percent per year since 1990. As a result,
total energy-related industrial emissions in 2004 were
2.2 percent (38.0 MMT) higher than in 1990.

At 1,212.0 MMT, residential carbon dioxide emissions
represented 21 percent of U.S. energy-related carbon
dioxide emissions in 2004. The 2004 residential emis-
sions were 0.1 percent lower than the 2003 level of
1,213.2 MMT. A warmer winter in 2004, relative to 2003,
was a contributor to the 2004 decrease in residential sec-
tor emissions. Additionally, while the winter was
warmer than 2003, the summer was cooler, leading to a
drop of about 4 percent in both heating and cooling
degree-days.* The residential sector’s pro-rated share of
electric power sector carbon dioxide emissions, 837.3
MMT, accounted for more than two-thirds of all emis-
sions in the residential sector.’ Natural gas accounted
for 22 percent (265.5 MMT) and petroleum (mainly dis-
tillate fuel oil) represented 8.9 percent (108.0 MMT).

Since 1990, when residential sector carbon dioxide emis-
sion totaled 953.7 MMT, the growth in residential carbon
dioxide emissions has averaged 1.7 percent per year.

Commercial sector carbon dioxide emissions accounted
for about 17 percent of total energy-related carbon diox-
ide emissions in 2004, at 1,024.2 MMT, of which 78 per-
cent (795.4 MMT) was the sector’s pro-rated share of
electricity-related emissions. Natural gas contributed 16
percent (162.7 MMT) and petroleum 5.7 percent (57.9
MMT). Commercial sector carbon dioxide emissions
increased by 0.3 percent from the 2003 level of 1,021.1
MMT. Since 1990, carbon dioxide emissions in the com-
mercial sector have increased on average by 2.0 percent
per year, the largest growth of any end-use sector. Com-
mercial sector carbon dioxide emissions have risen by
243.4 MMT since 1990, accounting for 27 percent of the
total increase in U.S. energy-related carbon dioxide
emissions.

Carbon dioxide emissions from the U.S. electric power
sector increased by 0.9 percent (19.7 MMT), from 2,278.8
MMT in 2003 to 2,298.6 MMT in 2004. Carbon dioxide
emissions from the electric power sector have grown by
27 percent since 1990, while total carbon dioxide emis-
sions from all energy-related sources have grown by 18
percent. Carbon dioxide emissions from the electric
power sector represented 39 percent of total U.S.
energy-related carbon dioxide emissions in 2004; how-
ever, as noted above, in calculating emissions from the
end-use sectors EIA distributes electric power sector
emissions to the four sectors in proportion to their
respective shares of total electricity purchases. There-
fore, electric power emissions are already included in
the sectoral totals. By fuel, emissions from natural-
gas-fired generation increased by 6.6 percent, emissions
from coal-fired generation increased by 0.1 percent, and
emissions from petroleum-fired generation increased by

4Energy Information Administration, Short-Term Energy Outlook (Washington, DC, July 2005), Appendix A, Table A2, p. 2, web site

www.eia.doe.gov/emeu/steo/pub/pdf/a2tab.pdf.

5Sectoral (residential, commercial, and industrial) energy-related carbon dioxide emissions include the share of total electric power sec-
tor carbon dioxide emissions that can be attributed to each end-use sector. The share is based on the percentage of total electricity sales pur-
chased by the sector and losses attributed to the sector. (For values used to calculate sectoral shares, see Energy Information Administration,
Monthly Energy Review, DOE/EIA-0035, Tables 2.2, 2.3, 2.4, and 2.5, web site www.eia.doe.gov/emeu/mer/consump.html.) All carbon
dioxide emissions associated with industrial or commercial enterprises whose primary business is not the production of electricity are allo-

cated to the sectors in which they occur.
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0.3 percent in 2004 from their 2003 levels (see box on
page 9 for allocation of all greenhouse gases to EIA’s
end-use sectors).

Nonfuel Uses of Energy Inputs

Nonfuel uses of fossil fuels, principally petroleum, both
emit carbon dioxide and sequester carbon over their life
cycles. In 2004, nonfuel uses of fossil fuels resulted in
emissions of 114.3 MMT carbon dioxide (Table ES3), an
8.6-percent increase from the 2003 level of 105.2 MMT.
Emissions from nonfuel uses of energy fuels are
included in the unadjusted energy consumption sub-
totals in Table ES3.

On the sequestration side of the ledger, nonfuel uses of
fossil fuels also resulted in carbon sequestration equal to
316.6 MMTCO,e in 2004, a 7.7-percent increase from the
2003 level of 294.0 MMTCO,e.” The major fossil fuel
products that emit and sequester carbon include lique-
fied petroleum gas (LPG) and feedstocks for plastics and

other petrochemicals. Asphalt and road oils are a major
source of sequestration, but they do not emit carbon
dioxide. It is estimated that, of the amount of carbon
sequestered in the form of plastic, about 11.0 MMTCO,e
was emitted as carbon dioxide from the burning of the
plastic components of municipal solid waste to produce
electricity in 2004. The 2003 estimate of 18.8 MMTCO,e is
used in this report as an estimate for total 2004 emissions
of carbon dioxide from the burning of wastes. The U.S.
Environmental Protection Agency (EPA) estimates total
emissions from waste burning, and its 2004 value was
not available at the time this report was published.

Adjustments to Energy Consumption

Total U.S. carbon dioxide emissions and the estimates of
energy consumption on which they are based corre-
spond to EIA’s coverage of energy consumption, includ-
ing the 50 States and the District of Columbia. Under the
United Nations Framework Convention on Climate
Change (UNFCCC), however, the United States is also

(Million Metric Tons Carbon Dioxide)

Table ES3. U.S. Carbon Dioxide Emissions from Energy and Industry, 1990 and 1996-2004

1996 | 1997 | 1998

| 1999 [ 2000 [2001 |[2002 | 2003 [P2004

Fuel Type or Process | 1990 |
Energy Use by Sector i
Residential . ................ 953.7 | 1,090.2 1,082.0
Commercial ................ 7807 1 8721 9161
Industrial. .. ................ 16922 11,7888 1,804.4
Transportation .............. 1,569.9 | 1,705.3 1,722.7
Energy Subtotal . . ......... 49966 154565 55252
1
Nonfuel Use Emissions ® ... ... 98.1 | 105.6 110.5
1
Nonfuel Use Sequestration. ... 251.2 i 291.2 303.4
Adjustments to Energy i
U.S. Territories (+) .. ......... 31.1 i 37.7 39.0
Military Bunker Fuels (-) .. ... .. 13.6 | 8.9 9.6
1
International Bunker Fuels (-). . . 100.1 ! 93.3 100.1
Bunker Fuels Subtotal (-) . . . . . 113.7 i 1022 109.7
Total Energy Adjustments. . . -82.6 | -64.5 -70.7
1
Adjusted Energy Subtotal . . . . . 4,914.0 $,392.0 5,454.6
Other Sources i
Natural Gas Flaring .......... 9.1 i 16.5 15.5
Carbon Dioxide in Natural Gas. . 14.0 | 17.8 18.0
1
Cement Production. . ......... 33.3 | 37.2 38.4
Other Industrial. .. ........... 268 1 290 29.2
Waste Combustion. . ......... A § 7.3 7.3
1
Total Other Sources. .. ..... 88.3 | 107.7 108.5
1
Total.......... ... ... ...... 5,002.3 15,499.7 5,563.0

1,088.5

1,791.2
1,757.9
5,571.6

118.6 1241 110.0 104.9 107.0 105.2 1143

1,1109 1,171.8 1,168.3 11,1904 1,213.2 1,212.0
934.1 9473 1,005.9 1,026.2 1,019.8 1,021.1 1,024.2
1,779.1 1,780.3 11,6984 1,671.0 16856 1,730.2
1,806.0 11,8442 1,8355 1,8649 18757 1,933.7
5,643.2 58023 57284 5,746.0 5,7955 5,899.9

5,498.0

41.3 40.7 42.2 53.6 52.2 58.4 61.7
10.0 9.8 7.8 8.2 8.1 9.2 9.2
104.9 97.4 93.5 89.6 81.2 75.0 84.4
114.9 107.2 101.3 97.8 89.3 84.2 93.6
-66.5 -59.1 -44.2 -37.1 -25.9 -31.9
5576.8 5,743.1 5,684.2 5709.0 5,769.6 5,868.0
6.2 6.7 55 5.9 6.0 5.9 5.9
18.0 17.8 18.2 18.6 17.9 18.0 17.8
39.3 40.1 41.3 415 43.0 43.2 44.8
29.7 29.3 29.4 27.4 26.4 27.6 28.7
6.9 7.2 7.9 8.0 6.2 7.5 7.8
101.2 102.3 101.3 99.5 102.2 105.0
56779 58455 5,7855 58085 58718 5,973.0

5,598.1

325.8 308.1 293.9 298.3 294.0 316.6

P = preliminary data.

total includes U.S. Territories.

*Emissions from nonfuel use are included in the sectoral totals above.

Notes: Data in this table are revised from the data contained in the EIA report, Emissions of Greenhouse Gases in the United States 2003,
DOE/EIA-0573(2003) (Washington, DC, December 2004). Totals may not equal sum of components due to independent rounding. Adjusted energy

Sources: EIA estimates presented in Emissions of Greenhouse Gases in the United States 2004.

6Unlike emissions of carbon that occur in the form of carbon dioxide, carbon is sequestered in combination with other chemicals. There-
fore, carbon sequestration is estimated in carbon dioxide equivalent units, rather than simply as carbon dioxide.
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responsible for counting emissions emanating from its
Territories, and their emissions are added to the U.S.
total. Conversely, because the IPCC definition of energy
consumption excludes international bunker fuels from
the statistics of all countries, emissions from interna-
tional bunker fuels are subtracted from the U.S. total.
Military bunker fuels are also subtracted, because they
are also excluded by the IPCC from national emissions
totals. On net, these adjustments resulted in the subtrac-
tion of 31.9 MMT from total U.S. carbon dioxide emis-
sions related to energy consumption (5,899.9 MMT),
resulting in an adjusted total of 5,868.0 MMT for
energy-related carbon dioxide emissions in 2004 (Table
ES3).

Energy-related carbon dioxide emissions for the U.S.
Territories are added as an adjustment, in keeping with
IPCC guidelines for national emissions inventories. The
Territories included are Puerto Rico, the U.S. Virgin
Islands, American Samoa, Guam, the U.S. Pacific
Islands, and Wake Island. Most of these emissions are
from petroleum products; however, Puerto Rico and the
Virgin Islands consume coal in addition to petroleum
products. Total energy-related carbon dioxide emissions
from the U.S. Territories in 2004 are estimated at 61.7
MMT (Table ES3).

For 2003, the carbon dioxide emissions estimate for mili-
tary bunker fuels was 9.2 MMT.” In 2004, approximately
93.6 MMT carbon dioxide was emitted in total from
international bunker fuels, including 84.4 MMT attrib-
uted to civilian consumption of bunker fuels. In Table
ES3, that amount has been subtracted from the U.S. total.
Just over one-half of the carbon dioxide emissions asso-
ciated with international bunker fuels comes from the

combustion of jet fuels; residual and distillate fuels
account for the other half, with most of that coming from
residual fuel.

Other Carbon Dioxide Emissions

In addition to carbon dioxide emission from fossil fuel
combustion and use, a total of 105.0 MMT was emitted
from other sources in 2004 (Table ES3). Cement manu-
facture (44.8 MMT) and industrial sources (28.7 MMT)
accounted for nearly three-fourths of the total carbon
dioxide emissions from other sources. Energy sector
components in the other emissions category included
the stripping of carbon dioxide from natural gas (17.8
MMT) and natural gas flaring (5.9 MMT). An additional
7.8 MMT carbon dioxide is estimated to have been
released from the burning of wastes other than munici-
pal solid waste in the electric power sector.

Methane

U.S. anthropogenic methane emissions totaled 639.5
MMTCO,e? (27.8 million metric tons of methane) in
2004, representing 9.0 percent of total U.S. greenhouse
gas emissions. Methane emissions in 2004 were 0.9 per-
cent (5.6 MMTCO,e) higher than the 2003 level of 633.9
MMTCO,e (Table ES4). The increase is attributable pri-
marily to increases in methane emissions from landfills
and, to a lesser extent, emissions associated with animal
waste, coal mines, and rice cultivation. Despite the
0.9-percent increase in 2004, methane emissions still
were 81.9 MMTCO,e (11.4 percent) below their 1990
level of 721.4 MMTCO,e.

Emissions data are reported here in metric units, as
favored by the international scientific community.
Metric tons are relatively intuitive for users of English
measurement units, because 1 metric ton is only about
10 percent heavier than 1 English short ton.

Table ES1 shows emissions of greenhouse gases in
terms of the full molecular weights of the native gases.
In Table ES2, and subsequently throughout this report,
emissions of carbon dioxide and other greenhouse
gases are given in carbon dioxide equivalents. In the
case of carbon dioxide, emissions denominated in the
molecular weight of the gas or in carbon dioxide equiv-
alents are the same. Carbon dioxide equivalent data
can be converted to carbon equivalents by multiplying
by 12/44.

Units for Measuring Greenhouse Gases

Emissions of other greenhouse gases (such as methane)
can also be measured in carbon dioxide equivalent
units by multiplying their emissions (in metric tons) by
their global warming potentials (GWPs). Carbon diox-
ide equivalents are the amount of carbon dioxide by
weight emitted into the atmosphere that would pro-
duce the same estimated radiative forcing as a given
weight of another radiatively active gas.

Carbon dioxide equivalents are computed by multiply-
ing the weight of the gas being measured (for example,
methane) by its estimated GWP (which is 23 for
methane).

7Data for 2004 military bunker fuels were not available at the time of publication. It should also be noted that only bunker fuels pur-

chased in the United States are subject to adjustment.

8Based on an estimated GWP of 23 for methane. For an expanded discussion of global warming potentials, see Chapter 1, page 10.
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Methane emissions come from four source categories,
three major and one minor. The major sources are
energy, agriculture, and waste management, and the
minor source is industrial processes. The three major
sources accounted for 40, 29, and 31 percent, respec-
tively, of total 2004 U.S. emissions of methane. Trends in
the major sources of anthropogenic methane emissions
since 1990 are illustrated in Figure ES4.

Energy Sources

Methane emissions from energy sources (coal mining,
natural gas systems, petroleum systems, stationary com-
bustion, and mobile source combustion) were nearly
unchanged at 256.3 MMTCO,e in 2004 from the 2003
level of 256.4 MMTCO,e. Methane emissions from
energy sources have fallen by 6.8 percent since 1990;
however, after bottoming out in 2001, methane emis-
sions from energy sources rose in each of the next 2
years.

Agricultural Sources

Methane emissions from agricultural sources, at 182.3
MMTCOse, represented 29 percent of total U.S. anthro-
pogenic methane emissions in 2004. Emissions increased

by less than 1 percent (0.9 MMTCO,e) in 2004 relative to
2003, as a small decrease in emissions from enteric
fermentation in domesticated animals was offset by
increases in emissions from animal waste management,

Figure ES4. U.S. Emissions of Methane by
Source, 1990-2004

Million Metric Tons Carbon Dioxide Equivalent

1 Total
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Source: EIA, Emissions of Greenhouse Gases in the
United States 2004, DOE/EIA-0573(2004) (Washington, DC,
December 2005).

Table ES4. U.S. Methane Emissions from Anthropogenic Sources, 1990 and 1996-2004
(Million Metric Tons Carbon Dioxide Equivalent)
Source | 1990 | 1996 | 1097 [ 1998 | 1999 | 2000 | 2001 [ 2002 | 2003 | P2004
Energy Sources i
CoalMining................ 97.7 i 73.4 80.4 75.6 71.7 68.5 68.0 64.7 67.2 68.2
Natural Gas Systems ........ 1289, 138.1 144.3 143.9 144.2 151.0 147.0 154.0 153.1 152.6
1
Petroleum Systems . ......... 29.9! 26.4 26.3 2505 24.0 23.8 23.7 235 23.3 23.2
Stationary Combustion .. ... .. 13.0 i 188 10.1 9.1 9.6 10.1 8.7 7.6 8.5 8.0
Mobile Sources . . ........... 5.6/ 5.1 5.1 4.8 4.8 4.7 4.6 4.6 4.3 4.4
1
Total Energy Sources . . . ... 275.0 | 256.3 266.2 258.9 254.4 258.1 252.0 254.3 256.4 256.3
Waste Management i
Landfills. .................. 257.0 1 219.8 208.1 195.0 187.4 183.3 175.8 173.4 178.1 182.6
1
Wastewater Treatment . ...... 182 1 14.3 145 14.7 14.8 15.0 15.2 1583 55 15.6
Total Waste Management. . . 270.2 i 234.2 222.6 209.7 202.2 198.3 191.0 188.7 193.6 198.2
Agricultural Sources i
1
Enteric Fermentation. ... ... .. 1196 ! 122.0 119.1 117.2 117.3 116.3 115.1 115.7 116.2 115.2
Animal Waste .............. 43.5 i 49.7 52.7 53.6 52.7 52.8 58.3 53.7 54.2 54.7
Rice Cultivation . ... ......... 9.3 9.4 10.3 10.7 11.5 10.2 10.7 10.2 9.8 11.0
1
Crop Residue Burning. .. ... .. 10! 11 11 11 11 11 11 1.0 1.2 1.3
Total Agricultural Sources . . 173.4 i 182.2 183.3 182.6 182.5 180.5 180.3 180.6 181.3 182.3
Industrial Processes . . ....... 2.7 | 3.1 3.1 3.1 3.1 2.9 25 2.6 2.6 2.7
1
Total ...................... 721.4 : 675.8 675.2 654.2 642.2 639.8 625.8 626.2 633.9 639.5
P = preliminary data.
Notes: Data in this table are revised from the data contained in the previous EIA report, Emissions of Greenhouse Gases in the United States
2003, DOE/EIA-0573(2003) (Washington, DC, December 2004). Totals may not equal sum of components due to independent rounding.
Sources: EIA estimates presented in this report. Emissions calculations based on Intergovernmental Panel on Climate Change, Greenhouse
Gas Inventory Reference Manual: Revised 1996 IPCC Guidelines for National Greenhouse Gas Inventories, Vol. 3 (Paris, France, 1997),
pp. 4.83-4.84, web site www.ipcc.ch/pub/guide.htm; and U.S. U.S. Environmental Protection Agency, Inventory of U.S. Greenhouse Gas Emis-
sions and Sinks 1990-2003, EPA-430-R-05-003 (Washington, DC, April 2005), web site http://yosemite.epa.gov/oar/globalwarming.nsf/content/
ResourceCenterPublicationsGHGEmissionsUSEmissionsinventory2005.html.
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Greenhouse Gas Emissions in the U.S. Economy

The diagram on page 10 illustrates the flow of U.S.
greenhouse gas emissions in 2004, from their sources to
their distribution across the U.S. end-use sectors. The
left side shows gases and quantities; the right side
shows their distribution by sector. The center of the
diagram indicates the split between emissions from
direct fuel combustion and electricity conversion.
Adjustments indicated at the top of the diagram for
U.S. territories and international bunker fuels corre-
spond to greenhouse gas reporting requirements
developed by the UNFCCC.

CO,. CO, emission sources include energy-related
emissions (primarily from fossil fuel combustion) and
emissions from industrial processes. The energy subto-
tal (5,900 MMTCO,e) includes petroleum, coal, and
natural gas consumption and smaller amounts from
renewable sources, including municipal solid waste
and geothermal power generation. The energy subtotal
also includes emissions from nonfuel uses of fossil
fuels, mainly as inputs to other products. Industrial
process emissions (105 MMTCO,e) include cement
manufacture, limestone and dolomite calcination, soda
ash manufacture and consumption, carbon dioxide
manufacture, and aluminum production. The sum of
the energy subtotal and industrial processes equals
unadjusted CO, emissions (6,005 MMTCO,e). The
energy component of unadjusted emissions can be
divided into direct fuel use (3,601 MMTCO,e) and fuel
converted to electricity (2,299 MMTCO,e).

Non-CO, Gases. Methane (639 MMTCO,e) and
nitrous oxide (354 MMTCO,e) sources include emis-
sions related to energy, agriculture, waste manage-
ment, and industrial processes. Other gases (156
MMTCO,e) include HFCs, PFCs, and SF,. These gases
have a variety of uses in the U.S. economy, including
refrigerants, insulators, solvents, and aerosols; as etch-
ing, cleaning, and firefighting agents; and as cover
gases in various manufacturing processes.

Adjustments. In keeping with the UNFCCC, CO,
emissions from U.S. Territories (62 MMTCO,e) are
added to the U.S. total, and CO, emissions from fuels
used for international transport (both oceangoing ves-
sels and airplanes) (94 MMTCO,e) are subtracted to
derive total U.S. greenhouse gas emissions (7,122
MMTCO,e).

Emissions by End-Use Sector. CO, emissions by
end-use sectors are based on EIA’s estimates of energy
consumption (direct fuel use and purchased electricity)
by sector and on the attribution of industrial process

emissions by sector. CO, emissions from purchased
electricity are allocated to the end-use sectors based on
their shares of total electricity sales. Non-CO, gases are
allocated by direct emissions in those sectors plus
emissions in the electric power sector that can be attrib-
uted to the end-use sectors based on electricity sales.

Residential emissions (1,241 MMTCO,e) include
energy-related CO, emissions (1,225 MMTCO,e); and
non-CO, emissions (16 MMTCO,e). The non-CO,
sources include direct methane and nitrous oxide emis-
sions from direct fuel use. Non-CO, indirect emissions
attributable to purchased electricity, including meth-
ane and nitrous oxide emissions from electric power
generation and SF, emissions related to electricity
transmission and distribution, are also included.

Commercial sector emissions (1,298 MMTCO,e)
include energy-related CO, emissions (1,035
MMTCO,e); and non-CO, emissions (263 MMTCO,e).
The non-CO, emissions include direct emissions from
landfills, wastewater treatment plants, commercial
refrigerants, and stationary combustion emissions of
methane and nitrous oxide. Non-CO, indirect emis-
sions attributable to purchased electricity, including
methane and nitrous oxide emissions from electric
power generation and SF, emissions related to electric-
ity transmission and distribution, are also included.

Industrial emissions (2,599 MMTCO,e) include CO,
emissions (1,853 MMTCO,e), which can be broken
down between stationary source combustion (1,748
MMTCO,e) and industrial emissions (105 MMTCO,e);
and non-CO, emissions (746 MMTCO,e). The non-CO,
direct emissions include emissions from agriculture
(methane and nitrous oxide), coal mines (methane),
petroleum and natural gas pipelines (methane), indus-
trial process emissions (methane, nitrous oxide, HFCs,
PFCs and SF;), and direct stationary combustion emis-
sions of methane and nitrous oxide. Non-CO, indirect
emissions attributable to purchased electricity, includ-
ing methane and nitrous oxide emissions from electric
power generation and SF, emissions related to electric-
ity transmission and distribution, are also included.

Transportation emissions (1,984 MMTCO,e) include
energy-related CO, emissions from mobile source
combustion (1,869 MMTCO,e); and non-CO, emis-
sions (124 MMTCO,e). The non-CO, emissions include
methane and nitrous oxide emissions from mobile
source combustion and HFC emissions from the use of
refrigerants for mobile source air-conditioning units.

(continued on page 10)
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Greenhouse Gas Emissions in the U.S. Economy (Continued)

[’]U.S. Territories 62

[k International Bunkers 94

Diagram Notes

[a] CO; emissions related to petroleum consumption (includes 89.0
MMTCO; of non-fuel-related emissions).

[b] CO, emissions related to coal consumption (includes 0.5
MMTCO; of non-fuel-related emissions).

[c] CO; emissions related to natural gas consumption (includes 19.2
MMTCO; of non-fuel-related emissions).

[d] Excludes carbon sequestered in nonfuel fossil products.

[e] CO; emissions from the plastics portion of municipal solid waste
(11 MMTCO;) combusted for electricity generation and very small
amounts (<0.5 MMTCO,) of geothermal-related emissions.

[fl Includes mainly direct process emissions. Some combustion emis-
sions are included from waste combustion outside the electric power
sector and flaring of non-marketed natural gas.

[g] Includes methane emissions related to energy, agriculture, waste
management, and industrial processes.

[h] Includes nitrous oxide emissions related to agriculture, energy,
industrial processes, and waste management.

[i] Includes hydrofluorocarbons, perfluorocarbons, and sulfur
hexafluoride.

[j] Includes only energy-related CO, emissions from fossil fuels.

[k] Includes vessel bunkers and jet fuel consumed for international
travel. Under the UNFCCC, these emissions are not included in
country emission inventories.

[I] Direct stationary combustion emissions of methane and nitrous
oxide plus indirect power sector emissions of methane, nitrous
oxide, and other greenhouse gases.
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[m] Direct stationary combustion emissions of methane and nitrous
oxide plus indirect power sector emissions of methane, nitrous
oxide, and other greenhouse gases. Additional direct emissions
include emissions from landfills, wastewater treatment, and com-
mercial refrigerants.

[n] Direct stationary combustion emissions of methane and nitrous
oxide plus indirect power sector emissions of methane, nitrous
oxide, and other greenhouse gases. In addition, all agricultural emis-
sions are included in the industrial sector as well as direct process
emissions of methane, nitrous oxide, and the other gases.

[o] Direct mobile combustion emissions of methane and nitrous
oxide. Also, emissions related to transportation refrigerants are
included.

Source: Energy Information Administration, Emissions of Greenhouse
Gases in the United States 2004, DOE/EIA-0573(2004) (Washington,
DC, December, 2005). CO, emissions by end-use sector are based on
EIA's estimates of energy consumption by sector and on industrial
process emissions. CO, emissions from the electric power sector are
allocated to the end-use sectors based on electricity sales to the sec-
tor. Non-CO, emissions by end-use sector are allocated by direct
emissions in those sectors plus indirect emissions from the electric
power sector allocated by electricity sales. Data are preliminary.
Totals may not equal sum of components due to independent
rounding.

(continued on page 11)

rice cultivation, and burning of crop residues. Of the
total 2004 methane emissions from agricultural sources,
93 percent (170.0 MMTCO,e) resulted from livestock
management, of which 68 percent (1152 MMTCO,e)
was from enteric fermentation and the remainder
(54.7 MMTCO,e) was from anaerobic decomposition of

livestock wastes. Methane emissions from rice cultiva-
tion (11 MMTCO,e) and crop residue burning (1.3
MMTCO,e) together represented about 6.7 percent of
total methane emissions from agricultural sources in
2004, which have increased by 5.1 percent since 1990.
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Greenhouse Gas Emissions in the U.S. Economy (Continued)

Distribution of Total U.S. Greenhouse Gas Emissions by End-Use Sector

Sector
Greenhouse Gas
and Source Residential | Commercial | Industrial Transportation | Total
Carbon Dioxide
Energy-Related . .. .............. 1,224.7 1,034.9 1,748.3 1,860.3 5,868.2
Industrial Processes ............. — — 105.0 — 105.0
TotalCO, . ..o 1,224.7 1,034.9 1,853.3 1,860.3 5,973.2
Methane
Energy
CoalMining ................... — — 68.2 — 68.2
Natural Gas Systems. .. ......... — — 152.6 — 152.6
Petroleum Systems . ... ......... — — 23.2 — 23.2
Stationary Combustion . ......... 7.0 0.1 0.6 — 7.7
Stationary Combustion: Electricity. . 0.1 0.1 0.1 — 0.3
Mobile Sources . ............... — — — 4.4 4.4
Waste Management
Landfills...................... — 182.6 — — 182.6
Wastewater Treatment .......... — 15.6 — — 15.6
Industrial Processes . ........... — — 2.7 — 2.7
Agricultural Sources
Enteric Fermentation. . .......... — — 115.2 — 115.2
AnimalWaste ................. — — 54.7 — 54.7
Rice Cultivation . ............... — — 11.0 — 11.0
Crop Residue Burning. .. ........ — — 1.3 — 1.3
Total Methane . .............. 7.1 198.4 429.6 4.4 639.4
Nitrous Oxide
Agriculture
Nitrogen Fertilization of Soils. . . . .. — — 204.3 — 204.3
Solid Waste of Animals . .. ....... — — 60.3 — 60.3
Crop Residue Burning. .. ........ — — 0.6 — 0.6
Energy Use
Mobile Combustion . ............ — — — 53.8 53.8
Stationary Combustion . ......... 0.8 0.3 4.5 — 5.6
Stationary Combustion: Electricity. . 353 3.1 2.6 — 9.0
Industrial Sources. ............. — — 14.0 — 14.0
Waste Management
Human Sewage in Wastewater. . .. — 5.8 — — 5.8
Waste Combustion ............. — — — — 0.0
Waste Combustion: Electricity. . . . . 0.1 0.1 0.1 — 0.2
Total Nitrous Oxide . . . ........ 4.2 9.3 286.4 53.8 353.6
Hydrofluorocarbons
HFC-23 . ... — — 16.3 — 16.3
HFC-125 . ... ... .o — 19.7 — — 19.7
HFC-134a ..., — — — 65.8 65.8
HFC-143a . ........ ...t — 195 — — 19.5
HFC-236fa..................... — 315 — — 315
TotalHFCs .. ................. 0.0 42.7 16.3 65.8 124.8
Perfluorocarbons
CFy e — — 3.2 — 3.2
CoFg o — — 8 — 315
TotalPFCs .. ... 0.0 0.0 6.7 0.0 6.7
Other HFCs, PFCs/PFPEs. . ....... — 8.6 — — 8.6
Sulfur Hexafluoride
SFe: Utility .. ...l 4.6 4.4 3.6 — 12.6
SFg:Other..................... = = 3.3 = 3.3
Total SFg. . ... 4.6 4.4 6.9 0.0 15.9
TotalNon-CO 5 ................ .. 15.8 263.3 745.8 123.9 1,148.9
Total Emissions. . . .............. 1,240.5 1,298.2 2,599.1 1,984.2 7,122.1
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Waste Management

Methane emissions from waste management, which at
198.2 MMTCO,e accounted for 31 percent of U.S.
anthropogenic methane emissions in 2004, were 2.4 per-
cent above the 2003 level of 193.6 MMTCO,e. Land-
fills—the largest single source of U.S. anthropogenic
methane emissions—represented 92 percent (182.6
MMTCOse) of total U.S. methane emissions from waste
management in 2004. The remainder (15.6 MMTCO,e)
of 2004 methane emissions from waste management was
associated with domestic wastewater treatment. Meth-
ane emissions from waste management have fallen by 27
percent (72.0 MMTCO,e) from their 1990 level of 270.2
MMTCO,e, due largely to increased methane recovery
at landfills, which increased to 122.1 MMTCO,e in 2004
from 21.7 MMTCO,e in 1990. Even at these higher meth-
ane recovery levels, however, waste management emis-
sions, after bottoming out in 2002, increased in both 2003
and 2004.

Industrial Processes

Methane emissions from industrial processes totaled 2.7
MMTCO,e in 2004, including 1.6 MMTCO,e from chem-
ical manufacturing and 1.1 MMTCO,e from iron and
steel production. Since 1990, growth in methane emis-
sions from chemical production has been balanced by
reductions in emissions from iron and steel production,
leaving the 2004 total for industrial processes approxi-
mately equal to their 1990 level.

Nitrous Oxide

Estimated U.S. anthropogenic emissions of nitrous
oxide in 2004 totaled 353.7 MMTCO,e, or 1.2 MMT
nitrous oxide. Nitrous oxide emissions represented 5.0
percent of total U.S. greenhouse gas emissions in 2004
and were 5.5 percent above the 2003 level of 335.2
MMTCO,e. Most of the increase from 2003 can be attrib-
uted to increased emissions from agricultural sources,
which rose by 17.4 MMTCO,e in 2004 and represented
94 percent of the overall increase in nitrous oxide emis-
sions (18.5 MMTCO,e) from 2003. The 2004 level marks
the first year since 2000 in which U.S. emissions of
nitrous oxide have been higher than the 1990 level of
337.0 MMTCO,e (Table ES5 and Figure ES5).

Agriculture

Agricultural sources, at 265.2 MMTCO,e, accounted for
75 percent of total U.S. nitrous oxide emissions in 2004.
Agricultural emissions in 2004 were 7.0 percent above
the 2003 total of 247.8 MMTCO,e, primarily as the result
of an increase of 9.5 percent (17.7 MMTCO,e) in emis-
sions from the nitrogen fertilization of agricultural soils.
Emissions from nitrogen fertilization, at 204.3
MMTCO,e, accounted for 77 percent of nitrous oxide
emissions from agriculture in 2004. Emissions from the
solid waste of domesticated animals, at 60.3 MMTCO,e,
made up 23 percent of agricultural nitrous oxide emis-
sions in 2004, and burning of crop residues produced

Table ES5. Estimated U.S. Emissions of Nitrous Oxide, 1990 and 1996-2004
(Million Metric Tons Carbon Dioxide Equivalent)
Source | 1000 | 1996 | 1997 | 1998 | 1999 | 2000 | 2001 | 2002 | 2003 | P2004
Agriculture i
Nitrogen Fertilization of Soils. .. ... ... 186.9 i 184.2 190.5 194.0 192.7 189.4 189.1 185.1 186.6 204.3
Solid Waste of Domesticated Animals. . 619 | 65.1 63.8 62.9 62.4 61.8 61.4 61.2 60.7 60.3
1
Crop Residue Burning .. .. .......... @5 | 0.5 0.5 0.6 0.5 0.6 0.6 0.5 0.5 0.6
Subtotal. .. ....... ... ... .. 249.3 i 249.8 254.8 257.4 255.6 251.8 251.1 246.8 247.8 265.2
Energy Use i
1
Mobile Combustion ................ 41.1 | 539 52.4 54.2 54.3 54.3 8.8 53.0 53.0 53.8
Stationary Combustion. . .. .......... 13.3 i 145 14.6 145 14.7 15.1 14.5 14.2 145 14.7
Subtotal. .. .......... ... .. 544 | 685 67.0 68.7 68.9 69.4 67.9 67.2 67.5 68.4
1
Industrial Sources . .. .............. 286 ! 343 21.8 17.2 16.8 16.6 14.0 15.2 14.0 14.0
Waste Management i
Human Sewage in Wastewater . . ... .. 46 | 5.2 5.2 5%3 55 5.6 5.6 5.7 5.7 5.8
1
Waste Combustion ................ 0.2 ! 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
Subtotal. .. .......... .. . 4.8 i 5.4 5.4 55 5.7 5.8 5.9 5.9 6.0 6.0
Total ... 337.0 | 358.0 349.1 348.8 347.1 343.5 338.8 335.1 335.2 353.7
P = preliminary data.
Notes: Data in this table are revised from the data contained in the previous EIA report, Emissions of Greenhouse Gases in the United States
2003, DOE/EIA-0573(2003) (Washington, DC, December 2004). Totals may not equal sum of components due to independent rounding.
Sources: Estimates presented in this report. Emissions calculations based on Intergovernmental Panel on Climate Change, Greenhouse Gas
Inventory Reference Manual: Revised 1996 IPCC Guidelines for National Greenhouse Gas Inventories, Vol. 3 (Paris, France, 1997), pp. 4.81-4.94,
web site www.ipcc.ch/pub/guide.htm; and U.S. Environmental Protection Agency, Inventory of U.S. Greenhouse Gas Emissions and Sinks:
1990-2003, EPA 430-R-05-003 (Washington, DC, April 2005), web site http://yosemite.epa.gov/oar/globalwarming.nsf/content/ResourceCenter
PublicationsGHGEmissionsUSEmissionsinventory2005.html.
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another 0.6 MMTCO,e. Total U.S. emissions of nitrous
oxide from agriculture sources have increased by 6.4
percent since 1990.

Energy Use

U.S. nitrous oxide emissions associated with fossil fuel
combustion in 2004 were 68.4 MMTCO,e, or 19 percent
of total nitrous oxide emissions. Most of the energy-
related emissions of nitrous oxide in 2004 (79 percent or
53.8 MMTCO,e) were from mobile sources, principally,
motor vehicles equipped with catalytic converters. The
remainder (21 percent or 14.7 MMTCO,e) was from sta-
tionary source combustion of fossil fuels. Nitrous oxide
emissions from energy sources have increased by 26 per-
cent since 1990.

Industrial Processes and
Waste Management

Industrial processes and waste management facilities
were responsible for 3.9 percent and 1.6 percent, respec-
tively, of total U.S. nitrous oxide emissions in 2004.
Industrial process emissions in 2004 remained
unchanged from 2003 at 14.0 MMTCO,e. Industrial pro-
cess emissions have fallen by 51 percent since 1990 due
to decreases in nitrous oxide emissions from the manu-
facture of adipic acid.

Nitrous oxide emissions from waste management facili-
ties in 2004 also were unchanged from their 2003 level, at
6.0 MMTCO,e, including 5.8 MMTCO,e from human
sewage in wastewater and 0.2 MMTCO,e from waste
combustion. Nitrous oxide emissions from waste man-
agement facilities have increased by 25 percent since
1990.

Figure ES5. U.S. Emissions of Nitrous Oxide
by Source, 1990-2004

Million Metric Tons Carbon Dioxide Equivalent
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United States 2004, DOE/EIA-0573(2004) (Washington, DC,
December 2005).

Other Gases:
Hydrofluorocarbons,
Perfluorocarbons, and
Sulfur Hexafluoride

HEFCs, PFCs, and SF, are three classes of engineered
gases that accounted for 2.2 percent of total U.S. green-
house gas emissions in 2004. At 155.9 MMTCO,e, their
emissions were 9.6 percent higher than in 2003 (142.4
MMTCO,e). The increase in emissions of the engineered
gases from 2003 to 2004 resulted largely from a 12-
percent increase in HFC emissions, which more than off-
set decreases in emissions of PFCs (7.5 percent lower
than in 2003) and SF, (2.2 percent lower) (Table ES6).

At 124.8 MMTCO,e, emissions of HFCs made up the
majority of U.S. emissions of engineered greenhouse
gases, followed by SF, at 16.0 MMTCO,e and PFCs at 6.7
MMTCO,e. Another group of engineered gases, consist-
ing of other HFCs, other PFCs, and perfluoropolyethers
(PFPEs), includes HFC-152a, HFC-227ea, HFC-245fa,
HFC-4310mee, and a variety of PFCs and PFPEs. They
are grouped together in this report to protect confiden-
tial data. In 2004, their combined emissions totaled 8.6
MMTCO,e. Emissions of the engineered gases in this
group in 2004 were 13 percent higher than in 2003 and an
order of magnitude higher than in 1990, when they
totaled less than 0.3 MMTCO,e. Since 1990, HFC emis-
sions from U.S. sources have increased by 246 percent,
PFEC emissions have fallen by 66 percent, and SF, emis-
sions have fallen by 50 percent.

Emissions of the high-GWP gases specified in the Kyoto
Protocol are very small (at most a few thousand metric
tons). On the other hand, some of the gases (including
PFCs and SF;) have atmospheric lifetimes measured in
the thousands of years, and consequently they are
potent greenhouse gases with GWPs thousands of times
higher than that of carbon dioxide per unit of molecular
weight. Some of the commercially produced HFCs
(134a, 152a, 4310mee, and 227ea), which are used as
replacements for chlorofluorocarbons (CFCs) and
hydrochlorofluorocarbons (HCFCs), have shorter atmo-
spheric lifetimes, ranging from 1 to 33 years.

Land-Use Change and Forestry

Forest lands in the United States are net absorbers of car-
bon dioxide from the atmosphere, primarily as a result
of the reversal of the extensive deforestation that
occurred in the United States during the late 19th and
early 20th centuries. Since then, millions of acres of for-
merly cultivated land have been abandoned and have
returned to forest, with the regrowth of forests seques-
tering carbon on a large scale. The process is steadily
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diminishing, however, because the rate at which forests
absorb carbon slows as the trees mature, and because the
rate of reforestation has slowed.

The U.S. Environmental Protection Agency (EPA) esti-
mates annual U.S. carbon sequestration from land-use
change and forestry in 2003 at 828.0 MMTCO,e,’ repre-
senting an offset of 11.9 percent of total 2003 U.S. green-
house gas emissions (6,983.2 MMTCO,e). In 1990,

carbon sequestration attributable to land use and for-
estry was 1,042.1 MMTCO,e, or 16.9 percent of total 1990
U.S. greenhouse gas emissions (6,148.8 MMTCO,e).10
The EPA’s 2003 estimates for carbon sequestration from
land-use change and forestry include 752.7 MMTCO,e
from forested land, 58.7 MMTCO,e from urban trees,
10.1 MMTCO,e from landfilled yard trimmings and
food scraps, and 6.6 MMTCO,e from agricultural soils
(Table ES7).

Table ES6. U.S. Emissions of Hydrofluorocarbons, Perfluorocarbons, and Sulfur Hexafluoride,
1990 and 1996-2004
(Million Metric Tons Carbon Dioxide Equivalent)

Gas | 1990 | 1996 | 1997 | 1998 | 1999 | 2000 | 2001 | 2002 | 2003 | P2004
Hydrofluorocarbons I
HFC-23. ... ... ... ... ..... 36.1 i 37283 31.2 41.7 31.7 30.9 20.6 20.6 13.0 16.3
HEC-125. ... ............. 00 | 6.3 86 107 121 136 149 162  17.8  19.7
HFC-134a................. 00 | 245 314 367 422 480 527 569 605 658
HFC-143a................. 00 | 23 4.0 5.9 75 93 114 138 165 195
HFC-236fa ................ 0.0 i 0.0 0.1 0.6 1.3 2.0 2.6 3.2 385 385
Total HFCS. ... ........... 3.1 | 655 751 955 949 1038 1022 1107 111.3 124.8
Perfluorocarbons i
CRgweei 148 | 11.0 101 8.7 8.6 8.7 4.2 5.0 38 3.2
CHFF0arcacnancaananaaans: 48 | 54 5.6 5.9 6.0 5.0 3.4 3.8 3.4 35
Total PFCS. ... ........... 196 | 164 157 146 146 137 7.6 8.8 7.2 6.7
Other HFCs, PFCS/PFPES .... 0.3 | 34 45 55 6.2 6.5 6.7 71 76 8.6
Sulfur Hexafluoride. . .. . .. . .. 321 | 291 267 221 217 181 174 164 163  16.0
Total Emissions ........... 88.1 | 1143 1220 1377 1374 1421 1339 1431 1424 1559

P = preliminary data.

Notes: Other HFCs, PFCs/PFPEs include HFC-152a, HFC-227ea, HFC-245fa, HFC-4310mee, and a variety of PFCs and perfluoropolyethers
(PFPEs). They are grouped together to protect confidential data. Totals may not equal sum of components due to independent rounding.

Source: U.S. Environmental Protection Agency, Office of Air and Radiation, web site www.epa.gov/globalwarming/ (preliminary estimates, Sep-
tember 2005).

Table ES7. Net Carbon Dioxide Sequestration from U.S. Land-Use Change and Forestry,
1990 and 1997-2003
(Million Metric Tons Carbon Dioxide Equivalent)

Component | 1990 [ 1997 | 1998 [ 1999 [ 2000 | 2001 [ 2002 | 2003
Forest Land Remaining Forest Land: i
Changes in Forest Carbon Stocks . .. ........ 949.3 i 851.0 8055 751.7 747.9 750.9 7515 7527
Cropland Remaining Cropland: i
Changes in Agricultural Soil Carbon Stocks . . . 8.1! 7.4 4.3 4.3 5.7 7.1 6.2 6.6
Settlements Remaining Settlements ... ... ... 84.7 i 71.6 71.2 70.0 68.9 68.9 68.8 68.7
UrbanTrees............ .. ... 58.7 i 58.7 58.7 58.7 58.7 58.7 58.7 58.7

Landfilled Yard Trimmings and Food Scraps. . 26.0 i 12.9 12.5 11.4 10.2 10.3 10.2 10.1
Total NetFlux . ............ ... .. ...... 1,042.1 i 930.0 881.0 826.0 822.5 826.9 826.5 828.0

Note: Totals may not equal sum of components due to independent rounding.

Source: U.S. Environmental Protection Agency, Inventory of U.S. Greenhouse Gas Emissions and Sinks: 1990-2003, EPA
430-R-05-003 (Washington, DC, April 2005), web site http://yosemite.epa.gov/oar/globalwarming.nsf/content/ResourceCenter
PublicationsGHGEmissionsUSEmissionsinventory2005.html.

9U.S. Environmental Protection Agency, Inventory of U.S. Greenhouse Gas Emissions and Sinks: 1990-2003, EPA 430-R-05-003 (Washington,
DC, April 2005), web site http://yosemite.epa.gov/oar/globalwarming.nsf/content/ResourceCenterPublicationsGHGEmissionsUS
EmissionsInventory2005.html. Estimates for carbon sequestration in 2004 are not yet available.

10ETA does not include sequestration from land-use change and forestry as part of its annual emissions inventory.
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Uncertainty in
Emissions Estimates

The emissions numbers presented in this report are esti-
mates based on estimated activity data and estimated
emission factors. As such, they have an element of
uncertainty, given that the activity data and emission
factors on which the emission estimates are based also
have a range of possible values. The activity data and
emission factors can themselves be characterized by sys-
tematic biases and/or random errors. In 2000, EIA
employed a Monte Carlo analysis to estimate the range
of uncertainty, at a 95-percent confidence level, around
estimated emissions of carbon dioxide, methane, and
nitrous oxide (HFCs, PFCs, and SF, were not part of the
analysis)."

The Monte Carlo simulations revealed that uncertainty
varies by type of gas. There is less uncertainty around
the simulated mean for carbon dioxide (-1.4 percent to
+1.3 percent) than for methane (-15.6 percent to 16.0 per-
cent) or nitrous oxide (-53.5 percent to +54.2 percent).
The simulations also showed that the uncertainty
around the simulated mean of total greenhouse gas

emissions (excluding HFCs, PFCs, and SF,) is -4.4 per-
cent to +4.6 percent.

The reliability of emissions data varies by category and
by source. In general, the estimates for carbon dioxide
emissions are more reliable than the estimates for other
gases. It is likely that the estimate of carbon dioxide
emissions is accurate to within 5 percent. Estimates of
methane emissions are much more uncertain, with a
level of uncertainty that may exceed 30 percent. Esti-
mates of methane emissions are also likely to understate
actual emissions as a result of the exclusion of sources
that are unknown or difficult to quantify, such as aban-
doned coal mines and industrial wastewater. Nitrous
oxide emissions estimates are much less reliable than
those for carbon dioxide or methane emissions, in part
because nitrous oxide emissions have been studied far
less than emissions of the other greenhouse gases and in
part because the largest apparent sources of nitrous
oxide emissions are area sources that result from biolog-
ical activity, which makes for emissions that are highly
variable and hard to measure or characterize. The uncer-
tainty for nitrous oxide emissions may exceed 100
percent.

HEgnergy Information Administration, Documentation for Estimation of Greenhouse Gases in the United States 2003, DOE /EIA-0638(2003)
(Washington, DC, May 2005), Chapter 8, web site http://www.eia.doe.gov/oiaf/1605/ggrpt/documentation/pdf/0638(2003).pdf.
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